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SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH flULE l7.I(»]OR(b> 



F0RM1 
THE PATENTS ACT, 1970 

(39oF 1370) ■ 

APPLICATION FOR GRANT OF A PATENT 

(See Sections 5(2), 7, 54 and 135; and rule 39) 

! We. RANBAXY LABORATORIES LIMITED, a Company incorporated under 
the Companies Act, t956 t Corporate Office at 19, Nehru Place. New Delhi - 1 10 019. India 

2. hereby declare - 

(a) that we are in possession of on invention titled "PROCESS FOR THE PREPARATION 
OF HMG-CoA REDUCTASE INHIBITORS" 

(b) that toe Provisional Specification relating to this invention is filed with this application. 

(c) that there is no lawful ground of objection to the srant of a patent to us. 
i ' - Fuifter declaie that the inventors for the said invention are 



a. YATENDRA KUMAR 

b, MOHAMMAD RAFEEQ 



1 ^ 



c, SHANTANUD6 — — ^ r „ r 

d. SWARGAM SATHYANARAYANA ^'^ 

of Ranbaxy Laboratories limitedi Plot No. 20, Sector-18, Udyog Vihar Industrial Area, Gurgaon - 
122001 (Haryana), India, all Indian Nationals. 

4. We claim the priority from the application^) filed in convention countries particular* of which arc 

jj| as follows; NOT APPLICABLE 

^ 5, We state that the said invention in an improvement in or modification of the invention, the 

3 particulars of which are as Mows srod of which we are the applicant: NOT APPLICABLE 



6* We state that the application is divided out of our application, the particulars of which are given 

below and pray that this application deemed to have been filed on Under section 16 of 

the Act. NOT APPLICABLE 

7. Thai we are the assignee or legal representatives of the true and first inventors* 

8. That our address for service in India is as follows: 

DJL B. VUAYARAGHAVAN 

Associate Director ~ Intellectual Property 
- Ranbaxy Laboratories Limited 

PlotNo.20. Sector - 16, Udyog Vihar Industrial Area, 
. Gurgaon - 122001 (Haryana), INDIA. 

TeL No. (91-124) 2343126, 2342001-10; 5012501-10 

1 " 



9. Following declaration was given by the inventors or applicants 4 the conv< ntion country; 

We, YATENDRA KUMAR. MOHAMMAD RAFEBQ, SHANTAW DE, SWARGA# 
SATHYANARAYANA of Ranbaxy Laboratories Limited, Plot No. 20, Sector - 18, Udyog vlhar " 
Industrial Area/GurgaGn-t2200l (Haryane), India, all Indian Nationals, Hie true and first inventors 
for this invention or applicant 'in the convention country declare that the applicant herein. Ranbaxy 
Laboratories Limited, Corporate Office at 19. Nehru Place, lffew Delhi 
assignee or legal representatives. 



b. 



c. 



d. 



[ 1YATENDRA KUMAR) 

. ■ ■ 

(MOHAMMAD RAFEEQ) 

( SHANTANU DE} 



(SW- 




SATHYANARAYANA) 



110 019. Indie, is our 



10. 



II. 



That to the best of our knowledge, infbnnadon and belief tht fact md 



correct and that there is no lawful ground of objection to 
application* 



Following are the attachment with the application: 

a. provisional Specification (3 copies) 

b. Drawings (2 copies) 

c. Priority documcdt(3> 

d. Statement and Undertaking on FORM - 3 

e. £bwer of Authority (Not required) 

f Fee Rs.3»00Q/- (Rupees Three Thousand only,,) in cheqfue bearing 
dated ; drawn on 



We request that a patent may be granted to ua for the said invention. 
Dated this 17 th day of October, 2003* 



the grant 



matters stated herein are 
of patent to us on this 



No. 



For Ranbauty Laboratories Limited 



[USHJL^dmaR PATAWAR1) 
G*r Company Secretary 



FORM 2 

The Patents Act, 1970 
(39 of 1970) 

PROVISIONAL SPECIFICATION 
(See Section 10) 



F*7 



ff «T HI -1- .,1 ' ..Ijljl 

PROCESS FOR THE PREPARATION OF 
HMG-COA REDUCTASE INHIBITORS 



RANBAXV LABORATORIES LIMITED 
19, NEHRU PLACE, NEW DELHI - 110019 

A Comptay incorporated wider the Companies Act, 1956. 



The following specification particularly describes and ascertains the nature of 
tills Invention and the manner in which it is to be performed: 



This Invention relates to a process for the preparatldn of HM((3 CoA reductase Inhibitor 

and in particular rosuvastatin calcium. 

* ■ 

■ 

The invention describes the process for preparation of amorphous rosu\jaatatin calcium 
from crystalline rosuvastatin- calcium, rosuvastatin methyl ^mmonlum salt, and from 
rosuvastatin lactone, 

Rosuvastatin calcium is chemically. 0R,re,8E)*7-[4<4^1uort 
24nethyl(m^ylw^ acid, calcium 

salt (2:1) of formula I, as shown in the accompaned drawings. It is an 
antihypercholesrteralemic drug .used In the treatment of atherosclerosis, 



Hypercholesterolemia is now well recognized as a prima 7 risk in 
disease. Clinical studies with lipid lowering agente have established 
elevated eerum cholesterol level reduces the incidence 0' 



Pravastatin (Pravachol) and simvastatin (Zocor), which are filngai metebolltas or of the 



coronary heart 
that decreasing 
cardiovascular mortality, 



drugs for 



he treatment of 



chemical modifications are known as the first generation of 
atherosclerosis by Inhibiting the activity of HMGrCoA reductase. Recently, synthetic 
inhibitor of HMG-CoA reductase such as tluvastatln (Lee col) Is developed a? the 
second-generation drutfs, CerlvastaHn (Bayeol) along with 
ihird-generatfon Inhibitors of 3-hydroxy-3-methyl glutary) cfoenzyme 
reductase * ia |<ey enzyme in cholesterol synthesis. 



atorvaatatin (Upitor), are 
A (HMQ- COA) 



To obtain mora potent reductase Inhibitors, efforts were ms de to replace 
decgfin portion of the mevlnlc adds (lovastatln and pravastatin) with 
.and achlral aromatic surrogates* 



Preparation of rosuvaetatin hemicaidum salt is described b^ Shlonogl 
RE 37314. 



the complex 
structurally simpler 



It has recently been found that the so-called "superatatin 1 . rosuvastatin calcium has 
consistently shown greater potency than other marftjtod statins (atorvastatln, 
simvastatin and pravastatin) in preclinical and clinical testing- 



in US Patent No. 



4w 



The difference in the activity of different polymorphic forms of* a given drug has drawn 
the attention of many workers fn recent years to .undertake the studies on 
polymorphism. This has especially become very Interesting after observing that many 
antibiotics, antibacterial, tranquilizers etc, exhibit polymorphism and some/one of the 
polymorphic forms of a given drug exhibit superior bioavailability and consequently 
show much higher activity compared to other polymorphs. The term polymorphism 
includes different physical forms, crystal forms, and crystalline / liquid crystalline / non- 
crystalline (amorphous) forms. 

It has aiao been disclosed that the amorphous forms In a number of drugs exhibit 
different dissolution characteristics and In somp cases different bioavailability patterns 
compared to the crystalline form [Konne T-» Chem. Phsrm. Bull. 3fi* 2003 (1990)]. For 
some therapeutic indications one bioavailability pattern may be favoured over another 
Cefuroxime axetfl is the classical example of amorphous form exhibiting higher 
bioavailability than the crystalline form. 

US Patent No, RE 37314 describes a process fbr preparation of amorphous 
rosuvastatJn calcium by dissolving the corresponding sodium salt In water, adding 
calcium chloride and collecting the resultant precipitate by filtration, 

US Patent No, 6,589,959 describes a process for preparation of crystalling form A of 
resuvaatatin by warming the amorphous form of rosuvastatfn calcium in a mixture of 
water and acetonftrfle; cooling the resultant solution to ambient temperature and then 
filtering the product which is then dried at S0°C under vacuum to give crystalline Forni A 
of roauvaatatin calcium, 

It is our reasoned belief that amorphous rasuvastaiin would be more effective 
pharmaceutical^ over the crystalline form. The US Patent No. B,S69,959 states that the 
material obtained by the process described In RE 37314 patent provides amorphous 
material The present Inventors have determined that the material so obtained Is difficult 
to Isolate and handle thus making it unsuitable for commercial level use. The purity of 
the said amorphous rosuvastatin calcium is about 96 to 98% with an impurity content of 
about 2 to 4%. The prominent Impurity Is the unwanted dlasrtereomeric impurity which is 
more than 1%, 

* ■ 
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ft 



Surprisingly, the inventor* of the present invention have 
rgsuvastatin calcium when made by the process of the 
isolate and handle thus making the process amenable ft 
purity of the amorphous rosuvastatin calcium of the present 
99% with diastareameric Impurity less than 0,5%, 



found ttjiat amorphous 
present Invention Is easy to 
commercial scale use, The 
invention Is greater than 



A first aspect of the invention provides amorphous rosuvastatin 
shown In the accompanied drawing from the crystalling 
Amorphous rosuvastatin calcium substantially free of crystalll: 
also included within the scope of the Invention. The purity . 
greater than 99% with djastereomerlc Impurity less 'than 0 
purity is greater than 99.5% with dlastsreomeric Impurity 
preferably the purity Is greater than 99.6% with diastereoftneric 



A second aspect of Invention provides a process for preparing : 
calcium from crystalline form which comprises of 

a) dissolving the crystalline form In a suitable organic solvent. 

b) removing the solvent from the said solution 

i 

c) recovering the amorphous rosuvastatin calcium. 



desori sad 



the 
i%. More 
than 



calcium of Formula I, as 
rosuvastatfn calcium. 
r)e rasuvastatln calcium Is 
amorphous form is 
preferably the 
O.J25% and most 
impurity less than 



amorphous roauvastatln 



Crystalline roauvastatfn caldum is prepared by methods 
6,589,955. Ths said crystalline form Is dissolved in an organl 
then removed from said solution to get rosuvastafln calcium 
amorphous rosuvastatfn calcium thus obtained can be dried 
techniques such as vacuum tray drying, rotary vacuum drying, 
drying and the like. 



)n the 
c solvent 
In amorphous 
casing conventional 
fluidized 



The organic solvent can be selected from a group comprising of lower al canals, ethers, 



estera, ketones, polar aprotic solvents or mixtures thereof. The 



from methanol, ethanol, Isopropanol and n-propanol. The ethers are 



tetrahydrofuran and 1,4-dioxane. The esters are selected frcm ethyl formate, methyl 



US Patent No. 
The solvent Is 
form, The 
drying 
bed drier, tray 



lower alkcnof to selected 



selected from 



Isobutyl 



acetate, butyl 



acetate, ethyl acetate, isopropyl acatate 1 n-propyl acetate, 
acetate .and amyl acetate. The ketones are selected from acetnne, ethyl jnethyl ketone, 

methyl isobutyl ketone and dlisobutyl ketone, Polar aprotic solvents are selected from 

■ 

■ 
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N,N-d)methylfomiamide< KN-dlmethylacstamide, dimethylsuiphoxide, acetonltrile and 
N-methylpyrroHdone. 

The solution of crystalline rosuvastatln calcium is prepared In the organic solvent by 
optional warming to dissolve the solids completely. If required the solution can be 
clarified to remove the undissolved foreign particulate matter. The said solution Is then 
concentrated to remove solvent. The concentration can be carried out under vacuum of 
about 100 to 0,01 mm of Hg wherein the solvent Is removed by vacuum distillation of 
the solution while optionally heating the solution at a temperature of about 15 to 5S°C to 
effect faster removal of the solvent, . 

The solvent can also be removed by spray-drying the solution of crystalline rosuvastatln 
calcium using a spray-dryer. For the purpose of spray-drying, mini-spray Dryer (Model : 
Buchl 190 Switzerland) which operates on the principle of nozzle spraying in an parallel 
- flow I-b, the sprayed product and the drying gas flow in the same direction was used. 
The drying gas can be air or inert gases such as nlirogen T argon or carbon dfoxlde. 
Nitrogen is preferred in this case. 

A third aspect of the present Invention provides a process for preparing amorphous 
rosuvastatln calcium from crystalline form which comprises of 
■ a) dissolving the crystalline form of rusuvastatln calcium in a suitable flret organic 
solvent * 
b) adding a second .organic solvent to the solution or solution to second organic 
solvent In optional order of succession in which rosuvastatln calcium Is insoluble 
or very slightly soluble or sparingly soluble, such that amorphous rosuvastatln 
- precipitates out fram the salut/on 

c} Isolating the amorphous rosuvastatln calcium from the mixture. 

Crystalline rosuvastatln calcium Is dissolved In a first organic solvent and to the solution 
added a second solvent or solution to the second organic solvent in optional order of 
Succession In whfch rosuvastatin is Insoluble or very slightly soluble or sparingly 
soluble. Due to addition of the second solvent rosuvastatln ealdum precipitates out 
from the solution, the precipitated product is then isolated and dried by conventional 
techniques to get the amorphous rosuvastatin calcium. 



The suitable first organic solvent can bo selected from a jiroup comprising of lower 
alkanofs, ethara, esters, ketones! polar aprotlc solvents or rr futures thereof. The lower 
alkanol is selected "tram methanol, ethsnol, isopropanol and n-propanol 
selected from tatrahydrofuran and 1 T 4-dioxgne. The ester? 
formate, methyl acetate, ethyl acetate, Isopnopyl acetate, 



acetate, butyl acetate and amy! acetate. The ketones are seected from acetone, ethyl 



methyl ketone, methyl iaobutyl ketone and dlisobutyi ketone. 



selected from N,N<llrnethytforTnamide, N,N^imBtnytacstanfricle, dlm^thylsuJphoxide. 
acatonitrile and N-methylpyrrolidone, 



The second organic solvent which characterized by the 



The ethers are 
are salefctad f ro m ethyl 
vpropyl acetate, isbbutyf 



Polar aprctic solvents are 



fact that 



raauvastatin Is 



insoluble (10,000 and over parts of solvent required for 1 part of joiuM as per United 
States Pharmacopoeia 2002) or very slightly soluble (form 1,000 to ' 0,000 parts of 
solvent required for 1 part of solute as per United States 3 harmago >oeia 2002) or 
sparingly soluble (from 30 to 100 parts of solvent required tiir 1 part cf solute as per 
United States Pharmacopoeia 2002) an be selected from a group of solvents 
comprising of Isopropanol, Isobutanol, n-butanol, cycbpentane, cyclohexsne, 
cycloheptane, hexane, petroleum ether, heptane, diethyl el her, dilao^ropyl ether or 
mixtures thereof. 



The term, Insoluble - , ""very slightly soluble" or "sparingly 
onwards 'has the same meaning as defined above and Is 
descripqpn provided fn the United States Pharmacopoeia 2002 * 



soluble" mentioned, herein 
in accordance with the 



A fourth aspect of the Invention provided a process fcr preparing amorphous 
toauvastatin calcium from crystalline form which' "comprises of 

a) subjecting the crystalline rosuvastetln caldum to milllngi 
form Is converted to amorphous form 

b) optionally drying tho amorphous form*- * 



Crystalline rasuvaetatin caldum solid or Its slurry in an organic solvent id milled by 



grinding action between two surfaces. Such milling Is carried 



out by using a traditional 



technique of compounding usfng a pestle and mortar or fay milling 



essentially work the same principle. Examples of such milling i nachines i ndude various 



until the said* crystalline 



■nachines that 



6' 



makes of ball mills, roller mills, gyratory mills, and -the like. The slurry of crystalline 
rosuvastatin calcium In an organic solvent can be of 30 to 85% w/v. 

The organic solvent which characterized by the fact that rosuvastatin is Insoluble or 
vary slightly soluble or sparingly soluble can bo selected from a group of solvents 
comprising of isopropenol, Jaabutenol, n-butanol, cydopentane, cydahexane, 
cydoheptana, hexane, petroleum ether, heptane, diethyl ether, diisopropyl ether or 
mixtures thereof. 

A fifth aspect of the present invention provides a process for preparing amorphous 
rosuvastatin calcium from crystalline form which comprises of 

a) dissolving crystalline rosuvastatin calcium in an organic solvent optionally 
containing water and 

b) freeze drying or iyophlllzlng the said solution to get amorphous rastivastatln 
calcium, 

4 

A solution of crystalline rosuvastatin calcium In an organic solvent optionally containing 
water is prepared and treated with charcoal, Altered tq remove charcoal* The dear 
solution Is then free»-drJed by conventional techniques to get the amorphous 
rosuvastatin calcium. The amorphous form tan than be dried under vacuum. 

T 

The organic solvent can be selected from a group comprising of lower alkanojs, ethers, 
esters, ketones polar eprotio solvents or mixtures thereof. The lower atksnol Is selected 
from methane/, ethanof, Isopropanol and n-propanoi, The ethers are selected from 
tetrahydrofuran and 1 r 4-dioxane< The esters are selected from ethyl formate,- methyl 
acetate, ethyl acetate, Iscpropyl acetate, n-prapyl acetate, ieobutyl acetate, butyl 
acetate and amy* acetate. The ketones are selected from acetone, ethyl methyl ketone, 
methyl isobutyl ketone and dilaobutyl ketone. Polar aprotic solvents are selected from 
N.isi-dfmethylformamlde^N^N-dlmethytacetamide, dlmethyfsulphoxide, acetonitrlle and 
N-methylpyrrolidone, ' 

A sixth aspect of the present invention provides a process for preparation of amorphous 
rosuvBstatfn calcium from crystalline rosuvastatin ealdum which comprises of 
a) dissolving the crystalline rosuvastatin caldum In a suitable organic solvent 

7 



b) adding vyatar to the solution of rosuvastatin or solution 
optional, order of succession, such that rosuvastatin 
solution 

c) Isolating the amorphous rosuvastatin calcium from the 



of rosuva rtatin 
predpitat 3: 

mixture. 



Crystalline rosuvastatin calcium is dissolved in an organic solvent and 



be optionally treated with charcoal or clarified to remove fore 
clear $o|ution can be obtained by gently warming the mixtbre as 
solution water is added at such a rate that rosuvastatin calcium 
The mixture after complete addition of water can be chilled dr partially 
remove the organic solvent. The separated amorphous form 
as per the methods described earlier. 



to water in 
s out from Che 



the solution can 
gn partlcu ate matter. The 
. To the clear 
precipitates very slowly. 

zoncaritrated to 
is then filtered and dried 



i compr ses 



ne, acatona 



The suitable organic solvent can be salaried the group 
Isaprcpanoi, n-propanol, tetrahydrofuran, 1,4-dIoxs 
dimethylformamide, N.N^imethyfacetamlde, dimethylsulpho^lde t acatfrirtrfle 
methylpyrrolidone or mixtures thereof. 



of mejthanoli ethanoi^ 
and N- 



A seventh aspect of the present invention provides a pnbeess for preparation of 
amorphous rosuvastatin calcium from rosuvaetatin methyl ammonium ss|lt of Formula I 
which comprises af 

a) lactontdnfl the rosuvastatin methyl ammonium wit of Formula 

b) flptfanally isolating the rosuvastatin lactone of Formula I L 

c) converting the rosuvastatin lactone to the amorphous 
treatment With a base and a calcium salt. 

d J recovering the amorphous rosuvastatin calcium by filtrat on. 



rosuvastetin calcium by 



Rosuvastatin methyl ammonium salt of Formula II as shoki in the accompanied 
drawing !* prepared by the process described In PCT application WO )1/eoa04. It Is 
treated with antacid at a pH of about 1 to 5 to get rosuvastatin 
shown in the accompanied drawing. The reaction la carried 
organic solvent optionally containing water at a temperature 
After completion of the reaction, the layers are separated 



lactone of Formula J II as 
out in presence of first 
*10 to 100°C. 
and organic layer after 
The residue 



washing with water and/or brine Is concentrated completely under vacuurti. 
is taken up in a second organic solvent, The mixture can be stjrred at a temperature of 

8 



about 40 to 150°C far about 1 to 50 hour? tg affect lactonizatfon. After completion of 
lacto'nlzstion, the second organic solvent can be rented from the reaction mass under 
vacuum and the residue can bo treated wfth third organic solvent to gat the rosuvastatin 
lactone. The residue c^n bo as such taken In the next step without actually isolating the 
lactone, 

The add Is selected ftom a group comprising of Inorganic mineral adds such as 
hydrochloric add, sulfuric acid, nitric acid, phosphoric acid or organic acids such' as 
formic acid, acetic acid and the [ikes. 

* 

The first organic solvent is selected from the water immisdbia or partially mlsclbie 
organic solvents selected from a group comprising of toluene, xylene, benzene, ethyl 
methyl ketone, djlsobutyl ketone, methyl Isobutyl ketone, methyl t-butyl ether, 
dilsopropyl ether, ethyl acetate, methyl formate, methyl acetate, feobutyl acetate, n* 
propyl acetate, isopropyl acetate, amy! acetate or mixture* thereof. 

Second organic solvent Is selected from a group comprising of methyl t-butyi ether, 
toluene, xylene, benzene, diieopropy] ether, n-butenot, isobutyl acetate, ethyl methyl 
ketone, dilsobutyl ketone or mixtures thereof. 

- Third organic solvent which characterized by the fact that rosuvaatatfn is Insoluble or 
very slightly soluble or sparingly soluble can be selected from a group of solvents 
comprising of iaopropanol, isobutanol, n-butanol, cydopertana, cyctohexane, 
cycloheptsne, hexane, petroleum ether, heptane, diethyl ether dfisoprapyJ ether ar 
mixtures thereof. 

The lactone of Formula 111 Is then dissolved in an organic solvent optionally containing 
water and treated with a base at a temperature of about 10 to 100 D C for about 1 to 40 
hours to effect hydrolysis of the lactone* The reaction mess pH during the reaction can 
be adjusted in the range of about 7.5 to 11 using a base. The solvent Is then removed 
and the residue can be taken up in water. The aqueous solution is washed with first 
organic solvent as described earlier in this aspect and then treated with calcium kens 
after which ro&uvestatin calcium precipitate from the aqueous solution as amorphous 
solid, The said amorphous rosuvastattn calcium is then isolated and dried, 



TTie base is selected from a group comprising of sodium hy Jroxide, afrdlum 
sodium ■ bicarbonate, potassium hydroxide, potassium ijsrbonate 
bicarbonate, 



carbonate, 
and potassium 



The calcium Ions cap be generated by using a calcium compound 



group comprising of calcium chloride, caldum hydroxide, calcium caibonate, calcium 



acetate, calcium sulphate, calcium borate, calcium tartarat^ calcium 
other compound capable of generating calcium ions. 



selected from a 



bromide, or any 



An eighth aspect of (he present invention provides a proctss for ths preparation of 
amorphous rosuvaatafln calcium from.fosuvastatin methyl anjmonium sjalt of Formula II 
which composes of 

a) treating rasuvastatin methyl ammonium salt with a basd and a calfcium salt 
b} isolating the amorphous rosuvastatin caldum from the Reaction mass 



The examples of base and calcium salt are described in de^afl In slxtt, 
Invention. 



The conversion can be easily carried out In presence of wrter 
organic solvent, The reaction temperature can be kept at 



about -5 



optionally 
to 100° 



aspect of the 



containing an 



Isopropanoi, isobutanol* 
1,4-dioxane, 



The organic solvent can be selected from a group comprising if lower alkanols T ethers, 
ester?, ketones, polar aprotic solvents, alkyl or cydoalkyl hydrocarbons or mixtures 
thereof. The lower afkanol ie selected from methanol, ethanol, 
n^butanol and n-propanof. The ethers' are sefected from tetrahydrofuran 
diethyl ether and dllsopropyl ether. The ester* are selected fron ethyl fa -mate, msthyl 
acetate, ethyl acetate, Isppropyf acetate, n-propyl iacetete, laobutyl acetate, butyl 
acetate and amyl acetate. The ketones are selected from' aceto ie T ethyl methyl ketone, 
methyl isgbutyl ketone and diisobutyl ketone. Polar eprotlc solvents are neiected from 

F 

N.N^imethyiformamide, iSi.N-dimethylacetamidfi, dlmethyisulpt oxide, acstonltrile and 
N-mathylpyrroIldone. Alkyt or cycloalkyl hydrocarbons can bo selected from group 
comprising of cyclopentane, cydohexane, cycfoheptane, he>ane, petroleum ether, 
heptane or mixtures thereof. j 



76 
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A nfrifh aspect of the present Invention provide* a process for preparation of 
amorphous rosuvaatatln calcium from rosuvastatln methyl ammonium salt of Formula II 
which comprises of 

a) lactonlzlng the rosuvastatin methyl ammonium salt of Formula II 

b) optionally isolating the rosuvastatln lactone of Formula III. 

c) converting the lactone 'form of rosuvastatin to the amorphous rosuvastatin 
calcium by treatment with a base and a calcium sail 

d) removing the, water from the reaction mass by azeotroplc distillation uaing an 
organic solvent 

a) recovering the amorphous form of rosuvastatin calcium by removing the organic 
solvent flam the reautent solution, 

Rosuvastatin methyl ammonium salt Is converted ta roauvastatin calcium as described" 
(n the sixth aspect of the invention. However, after treating the aqueous layer with 
calcium ions, to the reaction mass Is added a suitable organic solvent capable or 
azeotroplcally removing water and simultaneously capable of dissolving rosuvaatatln 
calcium. From the resulting mixture water was removed and from the solution of 
rosuvastatin calcium, solvent was removed to get the desired amorphous rosuvaatatln 
calcium as solid. 

Alternatively after treatment with calcium Ions, to the reaction mass Is added an organic 

• . i 

solvent which dissolves rosuvaatatln calcium and Is immiscible or partially mlscible with 
water The solvent can be made immiscible in water by Increasing the sallnfty of the 
aqueous layer using sodium chloride or calcium chloride. The layers are separated and 
the organic layer containing rosuvaatatln calcium Is then dried over calcium chloride, 
sodium sulphate or molecular sieves to remove traces of water. The organic layer Is 
then concentrated 1 to remove solvent to get the desired amorphous rosuvastatin 
calcium. The said concentration can be effected by either eprayndrylng or by vacuum 
distillation. 

The organic solvent can be selected from a group comprising of tetrahydrc-furan, 1 ,4- 
dicixane, toluene, xylene, dichloromethane, ethyl formate, methyl acetate, ethyl acetate, 
Isopropyl acetate, ^propyl acetate, isobutyl acetate, butyl acetate, amyl acetate, ethyl 
methyl ketpne, methyl Isobutyl ketone and dllsobutyl ketone or mixtures thereof. 

11 



A tenth aspect of the Invention provides a process ffcr converting a mixture of 
amorphous and crystalline form of rosuvastatin calcium to completely amorphous 
roauvastatln calcium. 



A mixture of largely amorphous w(th some crystalline 
prepared directly from the reaction mitfure or from the 
amorphous rosuvgstatin calcium by the process already 
with Itttle variations. The crystalline rosuvastatJn calcium car 
of amorphous and crystalline material by the technique 
the invention. 



ro suvaatatin 



calcium can be 
cjystaillne <|onn or from the 
the specification 
be converted to a mixture 
in the third aspect of 



described! 



containing 



The said mature of largely amorphous rosuvastatin calcium 
form Is then converted to the amorphous torn by the techniques 
the earlier aspects, 



An eleventh aspect of the present Invention provides a process of 



already 



some crystalline 
described in 



preparation of 



amorphous rosuvastafln calcium ftom crystalline rosuvastatln calcium wjttich comprises 
of ' 

a) treating crystalline rosuvastatln calcium with an acid to Obtain rosijivastatin 

b) optionally Isolating rosuvastatln 

c) converting jmuvestatin to amorphous rosuvastatin caljdum by trjeatment with a 
base and calcium salt 

m 

I* 

The examples of base and calcium salt are described In detali in seventh aspect of the 
Invention, 



The actd used can be selected from a group comprising of 



hydrochloric acid, sulphuric add, phosphoric acf^ hydrobromk; add, nitric acid and the 



inorganic 



add such as 



like or a mixture thereof. The acid can be organic acid selected 
of formic acid, acetic acid, propionic acid, anhydrides 
methaneaulphonlc acid, 4-toluertesulphonlc acid and the like. 



The conversion can be easily carried out in presence of water 
organic solvent. The reaction temperature can be kept at about 
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optionally 
5to100°<t 



from group comprising 
of carboxylic acids, 



containing an 



mm 



The organic solvent can bg selected from a group comprising of lower alkanols, ethers, 
esters, ketones, polar aprotic solvents, alkyl or cycloalkyl hydrocarbons or mixtures 
thereof. The lower alkanof is selected from methanol, athanol, Isopropanol, isobutanol, 
, n-butano[^nd n-prepenol, The ethers are selected from tetrahydnrfuran, 1,4-dloxane, 
dlejhyl ether and dilsopropyl ether. The eater* are selected from ethyl formate, methyl 
acetate, ethyl acetate, isopropyl acetate* n-propyl acetate, isobutyl acetate, butyl 
acetate and amyl acetate. The ketones are selected from acetone; ethyl methyl ketone, 
methyl isobutyl ketone and dllsobutyl ketone. Polar aptotic solvents are selected from 
N.N-dlmethylformamide, N.N-dimethylacetamide, dimethylsulphoxlda, aeetonltrile and 
N-msthyipyh-olldona. Alkyl or cycloalkyl hydrocarbon* can be selected fram group 
comprising "of cydopentane, cyclohaxane, cyclcheptane, hexane, petroleum ether, 
heptane or mixtures thereof, 

A twelfth aspect of the Invention provides amorphous rosuvestetin calcium having an X- 
ray diffraction pattern as depictad In Figure ! of tha accompanied drawing. 

■ ■ , * 

A thirteenth aspect of the invention relates to pharmaceutical compositions and dosage 
forms comprising ' the amorphous roeuvastatln calcium prepared from crystalline 
rosuvastatln calcium to be used. as HMG-CoA reductase inhibitor in treatment of 
hyperllpidemla. 

A fourteenth aspect of the Invention relates to a method inhibiting HMG-CoA enzyme in 
treatment of hyperlipldemia. comprising administering to a mammal In need thereof a 
therapeutically effective amount of the amorphous rosuvastetin calcium prepared from 
crystalline rosuvastatln calcium. 

Figure I Is X-ray powder diffraction (XRD);pattarn of amorphous rosuvastatin calcium. 
Figure II is X-ray powder diffraction {XRDJ p^ttem of crystalline rosuvastatin calcium, 
Figure III fa X-ray powder diffraction (XRD) pattern of a mixture of largely amorphous 
mixed with some crystalline rosuvastatin calcium. 

Whife the present Invention has been described In teims of Its specific embodiments, 
certain modifications and equivalent© will be apparent to those skilled in the art and are 
intended to be included within the scope of the present Invention, 
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EXAMPLE 1 

Preparation of Amorphous rosuvastatin calcium frcim crystaline rosuvastatin 
calcium. 

Step A) Preparation of crystaHIno rosuvastatin calclun i 



mixture of water (50 ml) and 



Amorphous rasuvastafin calcium (5.0 gm) was added to a 
acetonitrile (50 ml) at 15 fl C, The mixture was warned to 40°C tA 
solution, The mixture was then cooled slowly to 25-3Q a C and stirred 
crystalline product was separated by filtration at ambient temperature 
under vacuum to give rosuvastatin calcium as white- crystal 3, 
Yield: 3,4 gm (68%) (XRD as per Figure II showed it to be crystalline Material) 



obtain complete 
for 16 hours. The 
and dried at SCFC 



Step B) Conversion of crystalline to amorphous. form 

Crystalline rosuvastatin calcium (4.0 gm) was dissolved in 
about 25-30 Q C. The solution was filtered through caiite beb and the 



tatrahydro uran (12.0 ml) at 



washings 



with tetrahydrofuran (2.0 ml). The clear filtrate and the- 
poured slowly in cyclohexane {120 ml) over. 3D minutes 
stirring. The resulting mixture was stirred at 25*30°C for further 
precipitated product was filtered and dried at 46*C under' vacuum to 
rosuvastatin calcium as white product 

Yield; 3.05 gm (76%) (XRD as par Figure I showed tt to be a[i amarphojus material) 
HPLC purity: 9972% 

EXAMPLE 2 



tad was washed 
War* mixed .and 
at 2S-30 q C; under vigorous 
2,0 hours. The 
give amorphous 



Preparation of Amorphous rosy vastatln calcium from 
calcium. 



crygtaMIre rosuvaatatin 



Crystalline rosuvastatin calcium (5-0 gm) was dissolved In t<rtrahyd rati ran (15.0 ml) at 
about 25-30 o C. The solution was filtered through cellte bed and the bad was wasned 
with tetrahydrofuran (2.0 ml). The clear filtrate and the viashinga were mixed , and 
poured slowly in n-hexane (150 ml) over 30 minutes at 25-30 fl C under vigorous stirring. 
The resulting mixture was stirred at 25-30*0 for further 3.3 houre, The' precipitated 
product was filtered and dried at 45°C under vacuum to glva amorpneus rosuvastatin 
calcium as white product. „ , 

Yield' 3,6 gm (72%) (XRD aa per Figure I showed It to be an Erogiphous material) 
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EXAMPLE- 3 

Preparation of Amorphous rosuvastatin calcium from crystalline rosuvastatin 
calcium. 

Crystalline rosuvastatin calcium (S.O gm) was dissolved in tetrahydrofunsn (15.0 ml) at 
about 25-30°C. The solution was Filtered "through cftlltfi bed and the bed w«s washed 
wfth tetrabydrofuran (2.0 ml). The clear filtrate and the washings were mixed and 
poured slowiy in heptane (120 ml) over 30 minutes at 25-30°C under vigorous stirring. 
The resulting mixture was stirred at 25-30°C for furthar 3-0 hours. The precipitated 
product waft filtered and dried at 45°C under vacuum (about S to 10 mm erf Hg) to give 
amorphous rosuvastatin calcium as white product. 

Yield: 3,2 gm (64%) (XRD as per Figure 1 showed It to be an amorphous material) 

EXAMPLE 4 

Preparation of Amorphous rosuvastatin calcium from crystalline rosuvastatin 
calcium. 

Crystalline rosuvastatin calcium (1 .0 gm) wjaa dissolved in tetrahydrofuran (3,0 ml) at 
about 25-30°C. The solution was filtered, through cellte bed and the bed was washed 
with tetrahydrofuran (04 ml). The dear filtrate and tha washings were mixed and 
poured slowly in diethyl ether (25 ml) over 30 minutes at 2Q*C under vigorous stirring. 
The resulting mixture was stirred at 20°G tor further 1.0 hours. The precipitated product 
was filtered and dried at 45°C under vacuum (about 5 to 10 mm of Hg) to give 
amorphous rosuvastatin calcium as white product. 

Yield: 0,80 gm (80%) (XRD as per Figure I showed it to be an amorphous material) 
HPLC Purity: 99.62% 

EXAMPLE S 

Preparation of Amorphous rosuvastatin calcium from crystalline rosuvastatin 
calcium. 

Crystalline rosuvastatin csldum (1.0 gm) was dissolved in tetrahydrofuran (3.0 ml) at 
about 25-30 d C. The solution was filtered through cdite bed and the bed was washed 
with tetrahydrofuran (0.5 ml)- The clear filtrate and the washings were mixed and 
poured slowly in isopropyl alcohol (25 ml) over 30 minutes at 20 C C under vigorous 
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EXAMPLE 8 

Preparation of Amorphous msuvastatln cattfum from 

calcium. 



were 



Crystalline rosuvastafln csteium (2.0 gm) was dissolved In 1etrahydrofi|]ran 
about 2S-30°C. The solution was tittered through cellte bed 
with tBtrahydrofLiran (Q.5 ml). The dear filtrate and the 
poured slowly In Isopropyf acetate (80,0 ml} over 20 minutes 
storing. The resulting mixture was stirred at S^cFc to 
precipitated product was filtered Immediately and dried at 
to 10 mm of Hg) to gtve amorphous rosuvastatin calcium aft vdhlte produij* 
Yleltf: 0.7 gm (35%) (XRD as per Figure I showed it to be an amorphous 



and the 
Washings 
at 25*30°C 
further £ 
under 



:4S"C 



EXAMPLE? 

Preparation of Amorphous rosuvastatin calcium from 
calcium. 



material) 



crystalline rosuvastatin 



dlfnetbylsulp loxlde (6.0 mi) 
bed. Tho clear 



Md 



Crystalline rosuvastatin calcium (2,0 gm) was dissolved In 
at about 30-3S°C The solution wee filtered through cellte 
filtrate was pgumd elowly m water <15.0 ml) over 30 minutes 
stirring, The resulting mixture was stirred at 25-30*0 for 
precipitated product was filtered and dried at 45°C under vacuum (about 
Hg): to give amorphous rosuvastatin calcium as white product 
Yield: 1.5 gm (75%) (XRD as per Figure I showed It to be an shorphous Material) 



0 hours. 
5 to 10 



mn 



stirring. The resulting mixture was stirred at 20°C far farther 
- product was filtered and dried at 4£°C under vacuum (abouj 
amorphous rosuvastatin calcium as white product 
Yield: 0.6 gm (60%) (XRD as par Figure I showed it to be an bmorphogs 



The precipitated 
of Hg) to give 



cry&lallfns rosuvatfatfn 



and the 
:25*30 fl C 

furthdr 



material) 



(6.0 ml) at 
was washed 
mixed and 
under vigorous 
minutes. The 
vacuum (about 5 



under vigorous 
hours. The 
5 to 10 mm of 



2.0 
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EXAMPLES 

Prsparatlon gf Amorphous roauvastatln calcium from crystalline rosuvastatin 

calcium. 

Crystalline rosuvastatin calcium (5.0 grn) was dissolved In tetrahydrofursn (25,0 ml) at 
about 25-30?C. The solution was filtered through mill* bed end the bed was washed 
with tetrahydrofuran (2.0 ml). The dear solution was spray dried at 25«30 a C f 600 
Newtonlitre per hour nitrogen flow and at a rata of about 2.5 ml per minute. The 
■material was recovered from receiver and dried at 4CM5°C under vacuum (about 5 to 
1 o mm of Hg) for 6 hre to get the tffe compound* 

Yield: 4-0 grn(80%) (XRD as per.Flgur* I showed It to be an amorphous material) 

EXAMPLES 

Preparation of Amorphous roeuvwrtatin calcium from crystalline rosuvattatjn 
calcium. 

Crystalline rosuvastatin calcium (1*0 gm) was dissolved In tetrahydrofuran (6.0 ml) at 
about 25-30°C, The solution was filtered through cellto bed and the bed wa& washed 
with tetrahydrofuran (0.5 ml). The dear solution was concentrated un der vacuum at 
45°C to get solids which were then dried at 40-4S°C under vacuum (about. 5 to 10 mm 
of Hg) for 9 hra to get the tile compound. 

Yield: 0.9 gm (90%) (XR.D as per Figure I showed it to be an amorphous material) 
HPLC Purity. 99.71 % 

EXAMPLE 10 

Preparation of Amorphous rosuvntotln calcium from crystalline rosuvaatatln 

calcium, 

Crystalline rosuvastatin calcium (2-0 gm) was slurried In cydonexane (10 ml) and the 1 
slurry was placed in a glass mortar. The siyny was triturated with pestle till the 
crystalline form was completely converted to amorphous form. The gluny was then 
filtered and the solid was dried under vacuum at 40-45°C to get amorphous 
rosuvastatin calcium, 

Yfeld: 1 ,3 gm (85%) (XRD as par Figure I showed it to be an amorphous material) 
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EXAMPLE 11 

Preparation of Amorphous rosuvastatln calcium from 
calcium. 



Crystalline rasuvastatln calcium (2,0 gm) was subjected td grinding 
pestle and mbrW till It Is completely converted to the amorpl- ous farm 
Yield; 1 JO gm (65%) (XRD as per Figure I showed It to be an 



EXAMPLE 12 

PreparatFon of Amorphous rosuvastafln calcium from 
calcium. 



Crystalline ro$uvastatln calcium (1 .0 gm) was dissolved In 1,|Wioxane 
30-35°C, The dear solution was freeze-dried" at a tempera" ure 
which ware then "dried at -20 to 10°C under vacuum (less thin 
to get the tile compound. 

Yield: 0,93 gm (98%) (XRD as per Figure I showed it to be gr 



EXAMPLE 13 



crystalline rosuvaatatln 



of *2C 
0.1 rnrr 



using an agate 



amorphous material) 



crystalline roauvastatln 



(5,0 ml) at about 
'C to get solids 
of Hg) for 3 hrs 



amorphous material) 



rosuvastatin 



Preparation of Amorphous ro*uva*t*tln calcium frcjm 
ammonium salt 

Stop A) Preparation of rosuvaatatln lactone from rosuvabtatin methyl 
salt 

Rosuvastatfn methyl ammonium eelt (20 gm) was added Into mixture 
(100 ml) and water (200 ml) at 25-30°C and the pH of the reaction ma|ss 
to about 3,0 with SN hydrochloric add. The layers we're separated and 
is washad with water (50 ml). The organic layer was concentrated undrir 
an oily crude product whfch was mixed with toluene (50 ml), The reaction 
reflated for about fi hour* and the solvent was removed urdor vacuL m 
residue obtained was stirred with hexane (100 ml) and the separated splfd 
Dried the product under vacuum till constant weight at 4<f45°C to 
lactone. 
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methyl 
ammonium 



of ethyl acetate 
was adjusted 
i he organic layer 
vacuum to get 
mass was 
at 60°Cr The 
was Altered, 
jet rosuvaatatin 



Step B) conversion of roauvtetatlin lactone to amorphous roau vastatln calcium. 

Roauvaststin lactone as obtained in step A) wsa dlssolvad in methanol (100 ml) and 
water (100 ml}. To this solution added. B% sodium hydroxide solution till the pH of the 
reaction mass is about 8.5 to 8.7 and stirred for further 3 hours. After ensuring the 
absence of rosuvastatin lactone by TLC, solvent was removed under vacuum and the 
aqueous Layer was washed with methyl tort-butyl ether (30 ml). The traces of methyl 
tert-butyl elhar were removed under vacuum and to the aqueous layer added a solution 
of calcium chloride dihydrate (4.5 gm) In wetar (25 ml) at 20-22°C with vigorous stirring. 
After complete addition, mixture was stirred for further 2 hours at 20-22°C and filtered, 
washed the cake with water (20 ml) thrice and then dried at 45°C under vacuum to get 
amorphous rasuva&tatin calcium. 

Yield: 15.3 gm 183%) {XRD as per Figure l showed It to bo an amorphous material) 

EXAMPLE 14 

Preparation of Amorphous rosuvaatatin calcium from rosuvastatln ketone 
Rosuvattatln lactone as obtained In step A) of Example 13 was dissolved in methanol 

T 

(100 ml) and water (100 ml). To this solution added, 6% sodium hydroxide solution till 
tha pH of tha reaction mass Is about 8.5 to 8,7 and stirred for further 3 hours. After 
ensuring the absence of rosuvastatin lactone by TLC, solvent was removed gndftr 
vacuum and the aqueous layer was washed with methyl tert-butyl ether (80 ml). Tha 
traces of methyl tort-butyl ether were removed under vacuum find to the aqueous layer 
added a solution of calcium acetate (4.0 gm) in water (25 ml) at 20-22 Q C with vigorous 
stirring. After complete addition, mixture was stirred for further 2 hours at 20-22°C and 
filtered, -washed the cake with water (20 ml) thrie* and then dried at 4S°C under 
vacuum to get amorphous rosuvastetln calcium. 

Yield: 13.8 gm (75%) (XRD as per Figure I showed It to be an amorphous material) 
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EXAMPLE 15 

Preparation of Amorphous roiuvaetatln calcium 
ammonf um saR 



Rosuv^statin methyl ammonium salt (10 gm) was* added 
it sodium hydraxidfe solution {8%, 9,0 ml) at 25-3D g C add stirred fir 20 minutes. The 
solution was filtered through eeiiie bad and the. bed wait washed ivitfv water (20 ml), 
From the resulting clear filtrate, water was removed (about 40 ml) by vacuum distillation 
at about 60°C T To the resulting solution added water (40 



ml) and a 

acetate (2 gm) In water (10 ml) at 20-22°C under vigorous stirring, 
calcium predpltetBS out , from reaction mass, To 



tetrahydrafuran (50 ml) and stirred for 10 minutes. Adfje< sodium cilorlde (2.0 gm) to 



the reaction mass and stirred tor further 10 minutes, Layer* were 
organic layer was dried over powdered molecular sieves ( 10 gm), Th 
were removed by filtration and the resultant solution Was dJstillet 



from rotuvast&lla methyl 



n watar (53 ml) and added to 



solution of calcium 
Solid roauvaatotin 
the reaction mass added 



separated and the 
s molecular sieves 
azflotrapleally to 



remove water. After complete removal of weter, tetrahydrcfuran (50 ml) was added and 



the solution was Altered through collte bed. The dear titrate wga 
under vacuum to get amorphous form of rosuvastatln calcjium which 
under vacuum. 

Yield: 7,6 gm (XRD as per Figure I showed It to be an amotahous material) 



EXAMPLE 16 

Preparation of emorphou* roeuvastatin calcium from 
crystalline rosuvaetatln calcium 



mixture or amorphous end 



Step A) Preparation of mixture of amorphous 
calcium 



ami crystal! Ine rosuva*tatin 



ir 



a mixture 



: mans 



Amorphous rosuvastatin caldum (6,0 gm)was dissolved 
(18.0 ml) and water (2.0 ml) at 25-3Q°C. The resultant 
further 16 houre. To the mass added water (40 ml) and fuhhar 
hour. The separated solids were filtered and dried at4(W5 f C 
Yield; 5,3 g (XRD of this material as par Figure HI ehowea| it \o be a 
amorphous materia) mi*ed wfth T some crystalline material) 
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then concentrated 
was dried at 45*C 



of tetrahydrefuren 
was stlried at 25-3ff»C for 
Stirred et 25*30*0 for 1 
under vacuum, for s hrs. 

mixture of largely > 



Step 6) Conversion of mixture of amorphous and crystalline roeuvavtatln 
calcium to amorphous rosuvBStatfn calcium 

Tlie product obtained In Example 16 step A) (5,0 g) was dissolved in tetrahydrofuran 
(20 ml) and filtered to remove any undissolved particle. Tine clear solution was spray 
dried at 25-30°C, 600 Newtonlitre per hour nitrogen flow and at a rate of about 1.5 ml 
per minute. The material was recovered from receiver and dried at 40-45 °C under 
vacuum to get amorphous rosuvastatln calcium. 

Yield- 4,0 gm'{8Q%) (XRD as per Figure t showed It to be an amorphous material) 
HPLC Purity: 99,51% 

EXAMPLE 17 

^ Conversion of mixture of amorphous and crystalline rosuvastatln calcium to 
amorphous rosuvastatln calcium 

The product obtained in -Example 16 step A) (5.0 g) was dissolved In tetrahydrofuran 
(20 ml) and filtered to remove any undissolved particle. The clear solution was 
concentrated under vacuum at 45°c and the solid obtained was drifcd at 4CM5 °c under 
vacuum to get amorphous rosuvastatln calcium- 

Yield- 4.5 gm (90%) (XRD es per Figure I showed It to be en amorphous material) 

* i EXAMPLE 18 

Conversion of crystalline roeuv&stafin calcium to amorphous rosuvastatln 
calcium 

Crystalline rosuvastatin calcium (10.0 g) was added into mixture of ethyl acetate (1Q0 
ml} and water (100 ml) at room temperature. The pH of the resulting solution was 
adjusted 4-0 to 4,2 by adding dilute hydrochloric acid at 2S'C. The teyore were 
separated and organic layer was wash with water. The solvent was concentrated under 
vacuum to get oily residue. / 

The oily residue obtained above was dissolved in methanol (35 ml) and water (50 ml) at 
room temperature. The pH of the solution was adjusted with sodium hydroxide (8% 
solution in water] to about 8.5 to 3,0 end the resulting reaction mass was stirred for 
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J* J 

4 " 



further 1 hour at racm temperature. Methanol watfremovud under 
residue was reconstituted in water (50 ml) and to the aqueous sulutton 
of calcium acetate (2.1 gm) in water (10 ml) at 20-22°C ivtth 
complete addition, mixture was stirred for further 2 hows at 20-2^' 
washed the cake with water (20 ml) thrice and then dried at|45°C 
amorphous rrisgvsetatln calcium. 

Yield: 7.50 gm (75%) (XRD s$ per Figure I showed ft to be aji 
HPLC Purity; 99.50% 
Assay; 99.6% w/to 

Dated this , 17 w day of October, 2003. 



Yacuum. The oily 
added a solution 
vigorous stirring. After 
°C and filtered, 
vacuum to get 
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ABSTRACT 



ttOCT 2003 

PROCESS FOR THE PREPARATION OF 
HMG-COA REDUCTASE INHIBITORS 



The present invention relates to a process for the preparation of 
amorphous form of rosuvastatin calcium from crystalline rosuvastatin 
calcium, rosuvastatin methyl ammonium salt and rosuvastatin lactone. 
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